Abstract: Concentrations of fifteen trace metals including Aluminum (Al), Vanadium (V), Chromium (Cr), Manganese (Mn), Iron (Fe), Strontium (Sr), Molybdenum (Mo), Silver (Ag), Cadmium (Cd), Tin (Sn), Caesium (Cs), Barium (Ba), Lead (Pb), Bismuth (Bi) and Uranium (U) were investigated in water samples collected from sixteen sampling locations in the Lubumbashi river basin and five locations in Kafubu, Kimilolo and Kinkalabwamba rivers during February, March and April 2016. Chemical analyses of the samples were carried out using ICP-MS (Inductively Coupled Plasma-Mass Spectrometer). Water pH was determined using a pH-meter and pH values ranged from 4.2 to 7.8. The highest mean trace metal levels of water were 5,515. Trace metal contamination of water of the studied rivers, channel and springs might be partially attributed to natural processes, unplanned urbanization, poor waste management and mostly to abandoned and ongoing mining and ore processing activities in Lubumbashi city.
Introduction
 Anthropogenic activities, including industrial, agricultural and transport activities, are the main cause trace metals and other contaminants as a result of abandoned and ongoing artisanal and industrial mining activities, metallurgical activities, as well as agricultural and transport activities [1] [2] [3] [4] [5] [6] . In those regions, local air and soil environments, surface water and groundwater are deteriorated by factory emanations and dust from artisanal and industrial mining, tailings, discharge of untreated industrial and hospital effluents, discharge of mine water and mining wastewater into rivers, agricultural and urban runoff, and domestic wastewater [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
Millions of people in many developing countries such as D.R. Congo do not have access to safe drinking water, especially those living in rural areas and most of the poor people in urban areas, and they largely depend on surface water for their domestic water needs [6, 12] . Thus, the use of surface water and groundwater heavily contaminated with trace metals represent a great risk for public health in those countries.
The aim of the current study was to investigate trace metal contamination of water in the Lubumbashi river basin, Kafubu, Kimilolo and Kinkalabwamba rivers in Lubumbashi city, and to compare the water metal levels with the WHO (World Health Organization) guidelines for drinking-water quality [13] , USEPA (United States Environmental Protection Agency) standards for water quality [14] and EU (European Union) drinking-water regulations [15] . Water of all those rivers, channel and springs is used without prior treatment by the people who live along them to meet their domestic, agricultural and recreational needs.
Material and Methods

Study Area and Sampling Locations
The study area comprises various water courses and springs of the Lubumbashi river basin, Kafubu, Kimilolo and Kinkalabwamba rivers in Lubumbashi city. The Lubumbashi river basin includes Kabulameshi, Kalubwe, Kamalondo, Kamama, Kashobwe, Kipopo, Lubumbashi, Munua, Tshamalale and Tshondo rivers, as well as Tshibal channel, adjusted Adventist spring and Tshamalale-1 quarter spring. Waters from both springs flow into Tshamalale river. Lubumbashi, Kimilolo and Kinkalabwamba rivers are Kafubu river tributaries. All those water courses flow through Lubumbashi, the capital city of the Upper-Katanga province in south-eastern D.R. Congo (Fig. 1 Geographic coordinates of each sampling location were determined using a Garmin Etrex GPS and they were used later on for elaborating the sampling locations map (Fig. 1 ).
Sample Preservation
After collection, the samples were immediately taken to the laboratory where pH was determined using a pH-meter. After pH determination, samples were acidified with two to three drops of concentrated ultrapure hydrochloric acid. Then they were stored in a clean place at room temperature in the laboratory until they were analyzed for trace metals' content.
Analytical Method
The samples were analyzed using ICP-MS (Inductively Coupled Plasma-Mass Spectrometry) at the AMGC (Analytical, Environmental and Geochemical) Laboratory, at VUB (Vrije Universiteit Brussel) in Belgium.
Results and Discussion
Water concentrations of fifteen trace metals including Ag, Al, Ba, Bi, Cd, Cr, Cs, Fe, Mn, Mo, Pb, Sr, Sn, U and V (mgL -1 ) and water pH at the different sampling locations (Fig. 1) , as well as the WHO guidelines for drinking-water quality [13] , USEPA drinking-water standards and health advisories [14] and EU drinking-water regulations [15] Fig. 2 ). It was alkaline Fig. 2 ). Trace metal concentrations in water of the studied rivers, channel and springs were compared with the WHO guidelines for drinking-water quality [13] , EPA drinking-water standards and health advisories [14] and EU drinking-water regulations [15] Fig. 2) . The low water pH below the WHO, EPA and EU recommended pH values of 6.5-8.5 in most of the rivers increases metal bioavailability to organisms dwelling in those rivers and the high water pH values reduce metal bioavailability in the six other rivers as alkaline pH plays the role of trapping heavy metals [5, [17] [18] [19] .
For the WHO guidelines for drinking-water quality, USEPA drinking-water standards and health advisories, and EU drinking-water regulations [13] [14] [15] [12, [18] [19] [20] [21] . Similarly, the highest mean concentrations of Cd and Pb in sediment of Kafubu river at its confluence with Lubumbashi river (56 mgkg -1 dw and 342 mgkg -1 dw, respectively)
[6] were 3,112 and 7,370 fold higher than the levels of those metals recorded in water of the same river.
The results indicated that waters of the studied channel, rivers and springs in Lubumbashi city were moderately contaminated with Ag, Ba, Bi, Cr, Cs, Mo, Sn, U and V probably originating from local geochemical structure, but they were heavily contaminated with Al, Cd, Fe, Mn and Pb from natural and anthropogenic origins, mainly from abandoned and ongoing mining and ore processing activities in and around Lubumbashi city. Combined with the low water pH in most of the studied rivers, the metal levels of water exceeding the WHO, EU and USEPA drinking-water maximum concentration limits increase the metal risk for aquatic organisms living in those channel and rivers and for the health of people who depend on those waters to meet their water supply, agricultural and recreational needs.
The trace metal contamination of water in the Lubumbashi river basin, Kafubu, Kimilolo and Kinkalabwamba rivers might be partially due to urban and domestic waste discharge into those rivers and channel, to runoff from metal-rich soils and mostly to abandoned and ongoing artisanal and industrial mining and ore processing activities in and around Lubumbashi city. It has been reported that atmospheric fallout from the SO 2 -rich fumes discharged through the chimney of the GCM-Lubumbashi smelter contributed to metal accumulation in the soils of Penga-Penga plateau in Lubumbashi city, and that the exploitation of quartz and brick-making contributes to the remobilization of trace metals through the landscape, soil, air and water [11] . According to Mpundu, M. M., et al. [22] , during rainy season, hydromorphic soils in the Lubumbashi city bottom valleys collect waste enriched with trace metals from various plants all around the city, from ore-washing carried out by artisanal mining exploiters in their residential parcels, from malachite jewelry-making scattered in the city quarters and from a layer of slag spread on avenues to combat dust during dry season and mud during rainy season. The metal-rich waste discharged in rivers and channels contributes to metal contamination of the receiving rivers or channels.
Conclusion
This study was intended to assess trace metal contamination of waters of nine rivers, one channel and two springs of the Lubumbashi river basin as well as three rivers of the Kafubu river basin, all flowing through Lubumbashi city. The results showed mean water pH values ranging from 4.2 to 7.8 and various concentrations of fifteen trace metals including Ag, Al, Ba, Bi, Cd, Cr, Cs, Fe, Mn, Mo, Pb, Sn, Sr, U and V. The highest mean concentrations of Cd and Fe concentrations in water were recorded in Kafubu river at its confluence with Lubumbashi river. Those of Al, Ba, Cr and U were noted in water of Kashobwe river and that of Pb was found in Munua river. Kamalondo river 60 meters from the GCM-Lubumbashi smelter had the highest water Sr and Cs concentrations and Kafubu river 1.36 kilometer downward its confluence with Naviundu river had the highest Mn concentration in water. Finally, the highest concentrations of Mo, Sn and Ag were respectively recorded in Kafubu river, Tshondo river and Kabulameshi river. Trace metal contamination of waters of the studied rivers, channel and springs in Lubumbashi city might be partially attributed to natural processes, unplanned urbanization and poor waste management and mostly to abandoned and ongoing mining and ore processing activities. The levels of some metals exceeded the maximum concentration limits of the WHO guidelines for drinking-water quality [13] , USEPA drinking-water standards and health advisories [14] and EU drinking-water regulations [15] and they present a high risk to aquatic organisms living in those waters and to the health of people who depend on those springs, channel and rivers to satisfy their water supply, agricultural and recreational needs.
Authors suggest that (i) the provincial and national governments strictly implement the Congolese Mining
Regulations for better environmental protection; (ii) swimming be forbidden in the rivers at heavily contaminated sites; and (iii) environmental monitoring of the rivers be regularly carried out and provincial authorities be informed of the results to let them take adequate protection measures for the population.
